Cytogenetic analysis on two lots of maize genotypes consisting of inbred lines, singlecross hybrids and double-cross hybrids grown in the South and Center West Regions of Brazil revealed the occurrence of spontaneous mixoploidy in the anthers of some plants. In the South Region the anthers showed only diploid and tetraploid cells, with the tetraploid ones presenting nuclear fusion. In the genotypes grown in the Center West Region the anthers showed a mixture of diploid, tetraploid, hexaploid and octaploid cells. In addition to nuclear fusion, some cells of these genotypes presented just cytoplasm fusion, with the nuclei remaining individualized. The percentage of polyploid cells ranged from 1.0 to 47.6. The probable origin of the phenomenon and its implications in maize breeding are discussed.
A normal meiotic process depends, at least in part, on the regularity of the mitotic divisions that precede it. During these divisions, the diploid cells of the sporogenic tissue of the anthers go through a period of multiplication, giving origin to pollen mother cells but without changing their degree of ploidy. Chromosome reduction at meiosis in germ cells and gametic fusion in fertilization are the basic dogma for the constancy of chromosome number both within and between individuals of a species. Nevertheless, intraindividual variation in chromosome number has been reported in over 240 species of 140 genera belonging to angiosperms (Nirmala and Rao 1996) . The existence of different euploid chromosome numbers in the meiocytes of a taxon is termed as mixoploidy (Harini et al. 1990) . The origin of mixoploids may either be spontaneous or induced. However, their spontaneous occurrence is a rather uncommon phenomenon. Mixoploids of spontaneous origin were reported in hybrids of Triticum (Mujeeb et al. 1976 ), Medicago (Sangduen et al. 1982) , pearl millet (Rao and Nirmala 1986) and Capsicum (Prakash et al. 1988) . Mixoploidy is genetically controlled in some cases and it has both evolutionary and practical implications (Nirmala and Rao 1996) . The present paper reports the spontaneous occurrence of mixoploidy in the anthers of thirteen genotypes of maize grown in South and Center West Regions of Brazil.
Materials and methods
Two lots of maize genotypes consisting of inbred lines, single-cross hybrids and double-cross hybrids were grown in the South (Cascavel, Parana) and Center West (Goianesia, Goias) Regions of Brazil. Although the genotypes utilized belong nowadays to different maize breeding companies, they were originatedfrom the same populationsfrom the National Maize and Sorghum Center/EM-BRAPA and had been evaluated for breeding purposes.
Male inflorescences in the ideal stage of development for meiotic studies were collected and fixed in Carnoy's fluid for 24 hr, transferred to 70% alcohol and stored at 4°C. Microsporocytes were prepared by the standard method used for meiotic analysis and stained with 1% propionic Send correspondence to Maria Suely Pagliarini.
carmine. All meiotic phases starting from zygotene were evaluated. Statistical analysis were made to verify differences among genotypes and regions of cultivation. The analysis were performed employing a chi-square test using a contingency table, as recommended by Steel and Torrie (1960) .
Results
The meiotic studies revealed that thirteen genotypes, among fourty three evaluated in both lots, presented pollen mother cells with different levels of ploidy in the same anther. In the first lot (South Region), two inbred lines (L1 and L2) exhibited mixoploidy in some plants with diploid and tetraploid microsporocytes coexisting in the same anther. In the second lot (Center West Region), some plants of seven inbred lines (L3 to L9) and four double-cross hybrids (DCH1 to DCH4) presented cells with different ploidy levels. Diploid, tetraploid, hexaploid and octaploid cells were observed in anthers.
It is interesting to note that there was a differential behavior in the manifestation of this phenomenon in the both lots. In the first (South Region) all cells with altered ploidy levels (4n) showed nuclear fusion, i.e., all chromosomes shared the same nucleus ( Fig. 1 a-d ). In the second (Center West Region), in addition to this type of behavior for 4n cells, other cells (4n, 6n and 8n) showed just cytoplasm fusion, with the nuclei remaining individualized (Fig. le, f) .
The behavior of tetraploid cells found in the genotypes of South Region was very particular. While some cells showed multivalent chromosome association in diakinesis (Fig. lb) , the most of them showed only univalent chromosome in this phase (Fig. lc) . In the latter, as a consequence, the chromosome segregation was abnormal in the next phases. Precocious chromosome ascension, laggards and micronuclei were frequent in these cells. In the genotypes grown in the Center West Region, besides mixoploidy in the anthers, they presented other irregularities in the microsporocytes, such as cytomixis, syncyte formation, defective cytokinesis and different kinds of spindle abnormalities (divergente spindles, tripolar spindles and radial spindles). Table 1 shows the frequency of cells with altered ploidy levels for both regions. In both lots, the percentage of polyploid cells ranged from 1.0 to 47.6. Statistical analysis showed differences among genotypes in relation to the number of affected plants (x2=37.93, P<0.01) and also for the number of polyploid cells in affected plants (x2=2581.21, P<0.01). There was no difference 42=0.229, n.s.) between the lines cultivated in the South Region for the amount of affected plant, but for the number of polyploid cells in these plants, the difference was significative (x2=16.77, P<0.01). For the lines cultivated in the Center West Region there was difference among affected plants (x2=18.97, P<0.01) and also for the number of polyploid cells (2=384.69, P<0.01). For double-cross hybrids cultivated in Center West Region the analysis showed differences (x2=9.88, P<0.05) for the number of affected plants and also for the number of polyploid cells in these plants (x2=1185.54, P<0.01).
The mixoploid double-cross hybrids showed at least a parental inbred line also affected. In the most affected double-cross hybrid (DCH2), the four parental lines showed mixoploidy. 
Discussion
Literature data, extensively revised by Nirmala and Rao (1996) , show that most mixoploidy cases have been reported in somatic tissues. Some hypotheses could explain the occurrence of microsporocytes with different chromosome numbers in anthers. According to Levan (1941) and Peeters et al. (1985) , the appearance of polyploid cells is caused by deficient cell wall formation. The syncythia may originate by cell fusion during the premeiotic stages or during prophase I and migration of part or entire nucleus to another cell may occur by cytomixis. In these cases, regardless of the stage when cell fusion occurred, the nuclei maintain their individuality, with no nuclear fusion occurring before metaphase I. The occurrence of defective cytokinesis during the premeiotic mitoses as a source of mixoploidy has been reported by Lin (1977) , Rao and Nirmala (1986) , Prakash et al. (1988) and Rao and Nirmala (1990) .
According to Harini et al. (1990) , the different ploidy levels in a mosaic suggest that disturbances in the spindle result in genome replication and chromosome addition or deletion possibly due to nondisjunction of one or more chromosomes during the premeiotic mitoses. Thus, the mixoploid nuclei may be formed due to spindle abnormalities during these mitoses. Rao and Nirmala (1986) have reported that mixoploidy may also results from endoreplication in addition to unequal nondisjunction during the premeiotic mitoses. All these causes, among others, were also reported by Nirmala and Rao (1996) in an extensive review of the genesis of chromosome numerical mosaicism in higher plants.
As demonstrated, the literature data show that in other species mixoploidy can be originated by cytomixis, syncythia, defective cytokinesis and spindle irregularities in the premeiotic mitoses. Although our analysis were performed only in meiosis, all these abnormalities were found among microsporocytes, especially for those grown in the Center West Region. Considering these coincidences, it is possible to suggest that these abnromalities may also occurred during the premeiotic mitoses changing the ploidy level in some microporocytes of the anther. The causes of mixoploidy in the genotypes grown in the South Region, which exhibited nuclear fusion as early as at the beginning of meiosis, may be more related to problems of cytokinesis failure in premeiotic mitoses. When cytokinesis does not occur in this phase, a restitution nucleus is organized and the pollen mother cells may enter meiosis already having a 4n nucleus.
Mixoploidy is often found associated with the occurrence of polyploidy, hybridity, chemical treatments and, in some cases, is genetically controlled (Nirmala and Rao 1996) . In the genotypes affected in the present case, for many reasons, the results suggest genotypic control: i) among the 43 genotypes analyzed only 13 were affected by the mixoploidy; ii) the two lots of genotypes had the same origin; iii) the double-cross hybrids affected always had at least one parental line equally affected; iv) the most affected double-cross hybrid (DCH2) had four parental lines affected by the abnormality. Sachs (1952) pointed that different combinations in different genotypes may explain mixoploidy occurring in some genotypes and not in others.
Mixoploidy is a cytogenetic phenomenon of great importance. It has practical and evolutionary implications and also facilitates an understanding of multivalent formation in polyploids (Nirmala and Rao 1996) . In higher plants lacking sexual reproduction, mixoploidy is a potential force in evolution (Sharma 1956 ). In sexual propagated species, the chromosomal instability that is channelized into reproductive tissues can produce gametes with variable chromosomes number with addition or loss of chromosomes. Sometimes such abnormal gametes are tolerant and participate in fertilization. Union of these gametes can produce in the next generations considerable variation in chromosome numbers. These plants in turn could be low in fertility due to meiotic irregularities (Nirmala and Rao 1996) . Reduced fertility in mixoploid branches of Capsicum annuum had been described by Harini et al. (1990) . In maize, the production of unbalanced gametes side by side with normal gametes, with the former usually being inviable, may impair the performance of the geno-type and consequently its productivity. In those genotypes that presented mixoploidy not all plants exhibited polyploid cells. But in the affected ones, some of them showed high frequency of mixoploidy. In the double-cross hybrid DCH2, for example, 47.6% of the cells were polyploid and in the inbred lines of the South Region the frequency of polyploidy was also high. In these plants, the high frequency of unbalanced gametes will probably affect the productivity.
